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LONG-TERM  GOALS 

The  long-tenn  goals  of  this  program  are  to  (1)  instantaneously  detect,  image  and  spatially  chart 
fish  populations  over  continental-shelf  scales,  and  (2)  continuously  monitor  the  areal  densities  and 
behavior  of  these  fish  populations  over  time  using  a  novel  audible  frequency  acoustic  system  (300- 
5000Hz)  referred  to  as  Ocean  Acoustic  Waveguide  Remote  Sensing  (OAWRS).  This  new  method  is 
being  applied  to  explore  the  abundance,  temporal  and  spatial  distributions  and  behavior  of  fish 
populations  in  the  Gulf  of  Maine  on  and  near  Georges  Bank,  a  marine  ecosystem  being  studied  in  the 
Census  of  Marine  Life  program.  OAWRS  is  a  valuable  conservation  tool  for  rapid  imaging  and 
enumeration  of  large  scale  fish  populations  over  thousands  of  square  kilometers  to  effectively  monitor 
and  manage  the  national  fish  stock. 

OBJECTIVES 

The  primary  objectives  of  this  proposal  are: 

•  To  explore  the  population  distributions  and  behavior  of  living  marine  fish  in  the  Gulf  of  Maine 
on  and  near  Georges  Bank  with  the  new  OAWRS  technology. 

•  To  specifically  monitor  the  temporal  and  spatial  population  densities  of  herring,  a  fish  of  major 
ecological  and  commercial  importance,  on  the  northern  flank  of  the  George’s  Bank,  where  they 
are  known  to  congregate  in  large  quantities. 

•  To  test  this  new  OAWRS  technology  with  simultaneous  line-transect  methods  using  both 
conventional  fish  finding  sonar  (CFFS)  and  directed  capture  sampling  with  nets. 

•  To  use  the  OAWRS  technology  in  conjunction  with  an  official  US  National  Marine  Fisheries 
Service  Survey,  in  particular  the  Annual  Herring  Survey  in  Georges  Bank  and  the  Gulf  of 
Maine,  to  enable  quantitative  comparison. 

•  To  investigate  the  limits  of  taxonomic  resolution  inherent  to  the  OAWRS  system,  and  to  use 
OAWRS  imagery  to  assess  the  taxonomic  limits  of  more  conventional  systems  that  rely  upon 
sparse  line-transect  surveys  that  significantly  under-sample  fish  populations  in  time  and  space. 
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•  To  use  the  spatial  distributions  and  behavior  detected  by  OAWRS  to  more  quantitatively 
calibrate  abundance  estimates  made  by  under-sampled  line  transect  methods  employing  CFFS 
and  capture  by  net  and  trawl  and  to  detennine  optimal  temporal  and  spatial  scales  of  sampling. 

•  To  study  the  diurnal  behavior  of  fish  over  wide  areas  in  the  Georges  Bank  and  Gulf  of  Maine 
region  with  data  unaliased  in  space  or  time. 


APPROACH 

In  its  first  demonstration,  OAWRS  was  used  in  May  2003  on  the  New  Jersey  Continental  Shelf  just 
south  of  the  Hudson  Canyon  by  the  same  PI,  co-PI’s  and  collaborators  of  this  program.  We  were  able 
to  successfully  image  thousands  of  square  kilometers,  remotely,  with  minute  to  minute  updates.  We 
found  high  spatial-temporal  correlation  between  the  Eulerian  OAWRS  system  and  the  Lagrangian 
CFFS  system  for  both  isolated  fish  schools  as  well  as  large  continuous  shoals.  From  OAWRS  imagery, 
we  were  able  to  continuously  estimate  fish  population  densities  over  wide-areas. 

This  is  possible  because  underwater-acoustic  remote  sensing  in  the  ocean  relies  on  the  capacity  of  the 
continental-shelf  environment  to  behave  as  an  acoustic  waveguide  where  sound  propagates  over  long 
ranges  via  trapped  modes  that  suffer  only  cylindrical  spreading  loss  rather  than  the  spherical  loss 
suffered  in  conventional  fish  finding  sonar  technologies.  OAWRS  uses  sound  typically  three  orders  of 
magnitude  less  intense  than  CFFS.  Waveguide  modes  are  excited  by  a  moored  vertical  source  array. 
Scattered  returns  are  received  by  a  horizontally  towed  line  array  and  charted  to  form  images  in  range 
by  temporal  matched  filtering  and  in  azimuth  by  plane -wave  beamforming.  OAWRS  range  resolution 
is  r=c/(2B)  where  c  is  the  mean  ocean  sound  speed  during  an  experiment,  and  B  is  the  bandwidth  of 
transmitted  signals.  OAWRS  azimuthal  resolution  in  radians  is  roughly  the  acoustic  wavelength  X 
divided  by  the  projected  array  length  Lcos9,  where  the  azimuth  6  is  zero  at  broadside  or  normal  to  the 
array  axis  and  L  is  the  receiver  array  length.  At  endfire  or  parallel  to  the  array  axis  the  resolution 
becomes  roughly  sqrt(2/Z)  radians.  The  array  has  left-right  ambiguity  about  its  axis  which  is  resolved 
both  by  changing  the  receiver  array  position  and  orientation. 


WORK  COMPLETED/RESULTS 

The  technical  approach  for  the  September-October  2006  OAWRS  exploration  of  fish 
populations  in  the  Gulf  of  Maine  and  Georges  Bank  was  similar  to  that  implemented  by  the  same  team 
on  the  New  Jersey  Continental  Shelf  in  May  2003.  The  OAWRS  source,  however,  was  this  time 
primarily  deployed  off  the  shelf  in  or  on  the  other  side  of  the  Franklin  Basin  from  the  northern  flank  of 
Georges  Bank.  Water  depths  and  variations  in  water  depth  were  significantly  greater  than  in  2003,  but 
the  receiver  ship  again  running  hour-glass  or  star  shaped  tracks  within  a  several  kilometers  of  the 
source  as  shown  for  at  typical  imaging  scenario. 

Massive  shoals  and  isolated  schools  were  successfully  imaged  over  wide  areas  by  the  OAWRS 
system.  Pronounced  diurnal  behavioral  patterns  emerged,  as  well  as  apparent  migrations  of 
populations.  The  primary  fish  populations  detected  and  imaged  were  Atlantic  herring,  as  verified  by 


capture  trawl  samples  during  the  2006  OAWRS  experiment  at  regions  of  high  fish  density  identified 
by  OAWRS.  Herring  consistently  inhabit  the  regions  along  the  northern  flank  of  Georges  Bank  in  the 
September-October  time  period.  This  period  was  selected  for  the  OAWRS  experiment,  which 
coincides  with  migration  of  herring  onto  shallower  waters  on  the  northern  flank  of  Georges  Bank  for 
spawning. 

Concurrent  line  transects  were  made  with  two  independent  CFFS  vessels,  one  including 
captures  with  net  and  trawl.  The  latter  ran  fixed  tracks  surveying  the  overall  region  as  part  of  the 
annual  surveys  of  the  National  Marine  Fisheries  Service,  but  also  had  time  to  be  directed  by  OAWRS 
vessels  to  regions  where  high  fish  concentrations  were  detected  remotely  to  make  both  CFFS  surveys 
and  obtain  ground  truth  samples  with  trawls.  The  former  was  free  at  all  times  to  be  directed  by  the 
OAWRS  systems  to  areas  of  high  fish  concentration  and  was  equipped  with  both  multifrequency 
calibrated  fish  echo-sounders  as  well  as  a  multibeam  system  donated  by  RESON  Corp  to  provide  3-D 
information  about  local  fish  schools. 

It  is  noteworthy  that  the  Institute  of  Marine  Research  of  Bergen  Norway  supplied  both  essential 
people  and  equipment  to  help  conduct  the  CFFS  research  on  this  vessel  at  short  notice  when  the 
original  NRL  Fisheries  Scientist  could  not  make  the  trip  due  to  the  aftermath  of  Hurricane  Katrina. 
University  of  New  Hampshire  donated  a  person  to  operate  the  RESON  multibeam. 

To  potentially  identify  fish  species  by  the  spectral  dependencies  of  their  target  strengths,  the 
OAWRS  system  produced  wide  area  images  using  transmissions  at  differing  center  frequencies 
spanning  the  range  from  roughly  390  Hz,  below  expected  swim  bladder  resonances,  to  roughly  1.5 
kHz,  near  some  expected  resonances.  While  significant  differences  in  OAWRS  imagery  were  often 
observed  at  low  versus  high  frequencies,  high  concentrations  of  fish  were  observed  remotely  in  both 
frequency  regimes. 

IMPACT/APPLICATIONS 

•  We  show  that  fish  populations  can  now  be  instantaneously  detected,  located  and  imaged  over 
thousands  of  square  kilometers  in  continental-shelf  environments  with  a  remote  sensing 
technology  surveys  at  an  areal  rate  roughly  one  million  times  greater  than  that  of  conventional 
fish  finding  methods. 

•  The  waveguide  technology  makes  it  possible  to  continuously  monitor  fish  population 
dynamics,  behavior  and  abundance  with  minute  to  minute  updates,  over  thousands  of  square 
kilometers  producing  records  unaliased  in  space  and  time. 

•  This  year,  we  have  successfully  completed  a  major  oceanographic  experiment  showing  that 
OAWRS  can  be  used  as  a  valuable  tool  for  studying  the  population  and  behavior  of  Atlantic 
Herring  in  Georges  Bank  and  the  Gulf  of  Maine.  The  experiment  was  conducted  jointly  with 
the  US  National  Marine  Fisheries  Service  Annual  Herring  Survey  of  Georges  Bank  and  the 
Gulf  of  Maine. 

•  We  have  developed  continuum  mechanics  approaches  to  infer  the  velocity  vector  field  and 
pressure  gradient  field  determined  by  OAWRS  fish  population  density  images. 


TRANSITIONS 


The  OAWRS  technology  for  instantaneously  detecting,  imaging  and  continuously  monitoring  fish 
populations  over  continental-shelf-scale  areas  is  extremely  valuable  to  the  study  of  ocean  ecology,  the 
conservation  of  ocean  life  and  the  management  of  marine  fisheries.  After  publication  in  the  journal 
Science,  numerous  applications  to  fisheries  around  the  world  have  emerged. 

RELATED  PROJECTS 

This  program  is  part  of  the  Census  of  Marine  Life  in  the  Gulf  of  Maine.  Other  organizations 
participating  in  this  program  are  NEU,  IMR  Bergen  Norway,  NRL,  NMFS,  WTE,  WHOI,  ARL-PSU, 
MAI,  UNH,  RESON,  SNWSC,  and  NFESC. 
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